This paper examines the risk of Vitamin A deficiency among selected pregnant women in Ngaoundere, Adamawa Region, Cameroon. A total of one hundred (100) pregnant women attending ante natal visits at the Regional Hospital in Ngaoundere were involved in a survey conducted in 2012 which used a 24-hour dietary recall to assess their dietary intake. Food models were used to assist memory and portion sizes of food taken. Carotenoids were quantified in the meals commonly consumed, as well as proteins, sugar, fibers and oil, nutrients intervening in carotenoids absorption and Vitamin A metabolism. The results indicated that the dietary intake of Vitamin A was inadequate with 37.5% of the selected pregnant women exposed to acute Vitamin A deficiency, while 20% of them were exposed to the severe form. The daily consumption of Vitamin A was about 539.09 ± 43.09 µg, corresponding to a contribution of 67.39% to the Vitamin A requirement of the pregnant women. The dietary intake of macronutrients was also inadequate with a daily consumption of 57.28 ± 12 g for oils, 177.88 ± 29 g for sugars, 47.34 ± 11 g for proteins and 11.28 ± 3 g for fibers corresponding respectively to a contribution of 63.6%, 70.8%, 78.90% and 45.1% of these nutrients requirement in these women. Given that over 50% of the women surveyed were exposed to Vitamin A deficiency, there is a need for urgent intervention programs in the area to alleviate this situation.
Introduction
Vitamin A deficiency (VAD) is a major public health problem in many developing countries, and malnutrition during pregnancy has been recognized as one of the major factors for high maternal and infant mortality in these countries [1] . This is because maternal VAD aggravates the other causes of maternal morbidity such as anemia in pregnancy, birth defects, blindness, increased infections and decreases of cellular differentiation [2] . VAD in children usually follows from a deficiency in the mother. Therefore, eliminating this deficiency in pregnant women will go a long way towards alleviating it in children. Several studies have shown that poor dietary patterns before and during pregnancy are among the major causes of malnutrition and VAD in most populations [3] - [5] . In addition, Vitamin A (VA) content of human breast milk is strongly affected by maternal nutrition during pregnancy and lactation [6] [7].
During pregnancy, adequate supply in Vitamin A is necessary for the growth of the fetus. Unfortunately, in many developing countries, the average daily consumption of VA by non-supplemented pregnant women is lower than the recommended daily intake [8] . The WHO report [9] reveals that approximately 54% of pregnant women suffer from VAD in the CEMAC sub-region. A survey of available literature on the studies of VAD in Cameroon indicates that they are mostly national prevalence studies on children less than 5 years old, lacking detailed information on pregnant and lactating women, who equally constitute a vulnerable group. However, existing data shows that the Northern Regions (Adamawa, North and Far-North) are mostly affected with a prevalence rate of 62.5% in children less than 5 years old compared to the prevalence rate of 17.5% in the Southern Regions, and the national prevalence of 40% [10] . Vitamin A deficiency is also a cause for concern amongst women of child bearing age (15 -49 years) affecting about 45% of them [10] .
Addressing the problem of VAD in pregnant women will certainly go a long way towards reducing the prevalence of VAD, not only in pregnant women but also in their children. Hence, the need for this study whose objective was to evaluate the dietary intake of energy and VA among pregnant women in the town of Ngaoundere, Adamawa Region, which appears to be amongst the at risk population for VAD with a view to assisting decision makers and stakeholders design appropriate and targeted nutrition intervention programs.
Material and Methods

Study Area
The study took place in Ngaoundere, located in the Adamawa region of Cameroon. The Region is limited to the North by the North region, to the South by the East, Center and West regions, to the East by Central African Republic and to the West by Nigeria. There are three types of climate in the Region: an equatorial climate of Guinean type in the southern part of the Region, a tropical climate of Sudanese type on the Adamawa plateau, and an equatorial climate of Cameroonian type in the southwestern part. The high altitude gives a relatively fresh climate between 22 and 25 degrees and the annual average precipitation varies from 900 to 2000 mm, decreasing towards the northern part of the Region.
The soil is poor and the Region sparsely populated. The principal economic activity is cattle rearing (Zebu type). However, the cultivation of tubers (Ipomea batata, Dioscorea rotundata), vegetables (Moringa oleifera, Solanum nigrum, Hibiscus sabdarifa) and cereals (Zea mays, Panicum miliaceum L.) is also practiced. Islam is the principal religion, but there are also Christians in the area. Peuls form the principal ethnic group of the Region, but there are Tikar and Gbaya strong minorities, as well as other smaller ethnic groups.
Subjects and Sampling
The study group comprised women at different stages of pregnancy, attending the maternity service at the Ngaoundere Regional Hospital (NRH). Patients attending this hospital come from various socioeconomic groups and from urban, semi-urban and rural areas in its catchment areas, which includes the town of Ngaoundere and some surrounding villages. Women attending this hospital are, therefore, of mixed background. Our sample population was drawn from among this group.
Pregnant women aged 40 years and below, not suffering from any infectious disease, not undergoing treatment for any disease, not on any diet, who did not use contraceptive pills prior to pregnancy and who gave their consent to be admitted in the study were recruited. Those who didn't respond to these criteria were excluded from the study. The recruitment stage lasted for two weeks at the NRH, from 17 th to 31 st March 2012. Informed consent was obtained from the women and the study period on the field itself lasted for one month at their residence. Ethical approval for this study was obtained from the ethical committee of the Regional Hospital in Ngaoundere.
Of the 125 subjects interviewed who had initially given their consent to participate in the study, only 100 effectively took part. Socio-demographic information was collected and anthropometric data measured for every pregnant woman. These included age, weight, height, level of education, professional status, marital status, number of children and age of pregnancy.
Evaluation of Dietary Intake of Participants
Subjects were interviewed at home and nutrition information was obtained using the 24 hour dietary recall method for four weeks, from 2 nd April to 3 rd May 2012. Dietary recall was done every 72 hours given that the women mostly ate the same food for about 2 days. Information on type, quantity and frequency of meals consumed was collected. A survey was also made of the culinary practices and samples of meals commonly consumed were retained for carotenoid analysis.
Collection of Meal Samples
Meal samples were collected in clean, tightly closed glass containers, labeled and transported in dark containers to the Food Biophysics and Nutritional Biochemistry Laboratory of the National School of Agro Industrial Sciences of the University of Ngaoundere. They were then dried at 45˚C ± 2˚C and frozen at -20˚C. Sixteen samples were collected representing the dishes most consumed by pregnant women in Ngaoundere town.
Extraction and Quantification of Carotenoids from the Meal Samples
To 1 g of dried sample, 30 ml of hexane-acetone mixture 30/70 (v/v) was added, and the mixture heated under reflux for one hour, cooled and filtered [11] . The filtrate was washed with distilled water in a separating funnel, the lipid phase was then decanted into a 25 ml graduated flask and the volume adjusted to the mark with hexane. The solution obtained was diluted 1/10 with hexane and the optical density read using a spectrophotometer RAYLEIGH (VIS-723N) between 430 and 450 nm in order to determine the maximum optical density. Carotenoids were then quantified using of relationship:
where, DO max is optical density where max absorption was obtained; f, dilution factor; and m, mass of the sample.
Estimation of Vitamin A Activity in the Meal Samples
The VA content (Retinol Equivalent or RE) of the meals consumed was computed using the values of carotenoids determined earlier on and based on the assumption that 12 µg of dietary carotenoid yields 1 µg of VA activity or 1 µg of dietary carotenoids equals 0.083 µg RE [12] [13] . Vitamin A and proteins from animal products were obtained from Food Composition Tables [14] .
Quantification of Macronutrients in the Meal Samples
Dry matter [15] , oil [16] , total proteins [17] [18], total sugars [19] and crude fibers [20] contents of meals were determined to establish their effect on VA absorption and metabolism.
Calculation of Dietary Intakes of Pregnant Women
Vitamin A, protein, fats, fibers and sugar intake were obtained by summing intakes coming from vegetable and animal fractions from various dishes consumed during the study period. This was obtained from the laboratory analyses of the meal samples and from food composition tables [14] . Thus, the daily VA and nutrient intake was the mean consumption per woman, per day during the period of study, and the general intake for all the studied population was the mean consumption for all the women.
Statistical Analysis
The data obtained in this study was subjected to analysis of variance (ANOVA) and means separated using the least significant difference test with the statistical software Stat graphics centurion at the 5% level of significance. Microsoft Excel 2010 was used to generate the graphs. Where appropriate, percentages (%) were calculated. Results are presented as means and standard deviation of three determinations. Table 1 shows the distribution of the studied population with respect to measured socio-demographic and anthropometric parameters. About 93% of the women were under 30 years of age. Of these 41% were teenagers between the ages of 14 and 20 years, whereas 53% were between 21 and 30 years. In addition to their young age 37% of them had never gone to school, and only 33% had completed primary education. A small proportion (9%) had university education. A total of 87% of these women were married with only 13% being single. Most of them however, were housewives (57%) while 29% practiced some income generating activity (employed, petit traders, farmers). Their Body Mass Index (BMI) was generally in the normal range between 18.5 and 24.9 kg/m 2 (84%). A small proportion (9%) was undernourished with a BMI below 18.5 kg/m 2 , and 7% were overweight with BMI above 30. About half of the women were in the first trimester of pregnancy, with 25% in the third trimester. A total of 79% of women had two or more children compared to only 21% who had at most one child.
Results
The nutritional compositions of the sixteen dishes commonly consumed by pregnant women in Ngaoundere are presented on Table 2 . Results show that vegetable dishes had high carotenoid contents with Eru (G. buchol zianum) (81.59 ± 3.07 mg/100 g DM) having the highest content followed by fried Zom (S. nigrum) with 63.30 ± 1.04 mg/100g DM. Addition of tomatoes to vegetables improved carotenoid content of dishes, while addition of groundnuts improved protein content. Dishes in which palm oil was incorporated had high carotenoid content as was the case with Eru and koki. Cereals and tubers had low carotenoid contents with cassava fufu (M. utilissima) being the lowest (0.11 ± 0.09 mg/100 g). Oil content in dishes varied from 2.0 ± 0.11 g in cassava fufu to 48.13 ± 2.24 g in Eru, proteins from 4.15 ± 0.55 g in cassava fufu to 47.89 ± 3.05 g in koki (V. unguiculata), fibers from 4.17 ± 0.77 g in koki to 18.73 ± 0.61 g in fried Ndole (V. amygdalina) and finally, sugars from 6.51 ± 0.63 g in Eru to 82.78 ± 2.84 g in cassava fufu. The quantity of animal products consumed, their VA and protein contents, were also measured ( Table 3) . Results show that pregnant women consumed on average 550.7g of animal proteins during the period of study, hence a daily consumption of 18.36 g. From these foods, they obtained an estimated 1722.5 µg of VA, giving a daily consumption of 57.42 µg VA per pregnant woman from animal sources. This coupled with the 481.67 µg from plant sources gives a total daily VA intake estimated at 539.09 µg per pregnant woman per day. Table 4 shows the average daily macronutrient, VA and fiber intake of pregnant women in Ngaoundere. These women consume on average 539.09 ± 43 µg of VA daily, corresponding to 67.4% of their daily requirements. Apart from fibers whose daily requirements are met at only 45%, the requirements for the other nutrients are met at over 60%. Their total energy consumption from these nutrients stands at 1416.4 Kcal per pregnant woman per day. Figure 1 shows the distribution of Vitamin A intake among the studied population and hence the percentage of pregnant women at risk for VAD. A total of 12.5% barely covered daily requirements in VA (>750 µg), 30% were exposed to slight VAD (650 -749 µg), 37.5% to an acute VAD (500 -649 µg) and 20% to severe VAD (<500 µg). 
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Discussion
Pregnant women interviewed in this study were generally 30 years old and below (93%), with 41% of them being teenagers 14 to 20 years old. This could be related to the fact that women in this part of the country marry early as is customary. Recent studies in the Adamawa Region [22] report that the average age of first marriage for women is 16.3 years, with 18.5 years as the mean age of first delivery. This high prevalence of teenage pregnant mothers is a cause for concern as teenage pregnancy is considered high risk given that the mother herself is still growing and has high nutrient needs, coupled with the usual pregnancy-induced changes such as hemodilution, increased urinary excretion and fetal utilization of VA, as well as a changes in the equilibrium be-tween the liver and blood VA [5] . The fact that these women marry early affects their education as most of them are unable to complete school. In addition, the education of the boy child is privileged over that of the girl child, reasons for the high percentage of women who never attended school (37%) or who only succeeded in completing primary education (33%) for those who attempted ( Table 1) . Previous studies had reported that in the Adamawa Region only 14.3% of girls attempt secondary education as against 24.8% for [22] ). The poor educational background of these women is a hindrance to them understanding and applying nutritional policies and interventions. As a result of poor education, most of them cannot get employment and are housewives (57%) with no income of their own, but dependent on their husbands for money to buy food and on what comes from the farms for those who do farm. Added to this, is the fact that 40% of the women studied had three or more children, who could imply reduced food intake for the mother and the children. These are risk factors for malnutrition and micronutrient deficiencies and could in part be the reason why the Adamawa Region is amongst those with a high prevalence of chronic malnutrition (40%) [22] .
In addition to cereals and tubers which are staple foods, pregnant women in Ngaoundere do consume green leafy vegetables which are rich in carotenoids; and to a minor extent animal product, some with considerable Vitamin A activity. As expected, carotenoid content was highest in green leafy vegetables dishes with values ranging from 33.19 mg for Folong (Amaranthus hybridus) to 81.49 mg for Eru (Gnetum bucholzianum). Variations were observed with the type of vegetable as well as the method of preparation ( Table 2 ). Vegetables of a similar variety prepared with tomatoes had higher carotenoid content than their counterparts cooked with groundnuts. Tomatoes are a good source of β-carotene [23] and this explains the increase in carotenoid content of dishes cooked with them. Groundnuts are poor in carotenoids and in addition could have a dilution effect on the quantities of carotenoids initially present in the vegetables. The use of palm oil in the preparation of certain dishes equally improved their carotenoid content. This is the case of Eru, fried Zom and Koki. Palm oil is a rich source of β-carotene [23] .
Previous studies [24] had shown that ingredients added during preparation of vegetables (oil, tomatoes, carrots) enhanced carotenoid content. These authors equally demonstrated that treatments applied to vegetables such as solar drying, blanching in water or blanching with calcium carbonate salt, significantly reduced carotenoid content of the dishes. Thus, a meal cooked directly with fresh raw vegetables should have a higher carotenoid content than a dish prepared with vegetables that have been previously treated. These findings were supported in this study as could be observed in the differences in carotenoid content of different dishes prepared with a similar type of vegetable. This could also explain in part why the results obtained in this study are higher than those reported in Burkina-Faso [25] for "Yinkum" (Solanum nigrum) and Baobab leaves (Adansonia digitata), but lower than those found by in Ivory Coast [26] for "Morelle noire" (S. nigrum) and "Amarante" (Amaranthus hybridus). In addition Vitamin A analysis in this study was carried out on the cooked dishes while in Ivory Coast, β-carotene content was determined in the raw leaf samples [26] .
Pregnant women in Ngaoundere consume on average 539.09 ± 43 µg of VA daily, corresponding to 67.4% of the recommended 800 µg. This suboptimal consumptions shows that pregnant women of Ngaoundere are exposed to Vitamin A deficiency, and consequently to other complications like night blindness, anemia, and birth defects. This level of coverage of VA needs is similar to that of 62% found in Burkina-Faso [25] with a sample of 150 households in a village of approximately 2000 inhabitants, which is an under developed country like Cameroon. These finding attest to the high prevalence of VAD in Africa reported by WHO [9] .
The high carotenoid content in the dishes containing green leafy vegetables ( Table 2 ) could let believe that their consumption would be enough to meet the Vitamin A requirements for these pregnant women, but these values are based on dry matter. The dishes being diluted during preparation and cooking, these contents are reduced in the cooked and consumed dishes, thus unable to meet their VA requirements. For example, 100 g of folong cooked with groundnuts as consumed by women will bring only 511.6 µg of VA. The women consume on average 65g of this soup per day, thus 332.54 µg of VA, which is far from the recommended 800 µg per day for pregnant women.
The average daily consumption of fats, proteins, fibers and sugar by the women were respectively 63.6%, 78.9%, 45.1% and 70.8% of the recommended daily intake for pregnant women. The low consumption of fats could result to a reduction in the absorption of β-carotene which is fat soluble, and to a reduction in its bioconversion to VA. Studies have shown that pure β-carotene dissolved in an oily dispersion was absorbed more efficiently (>50%) compared to carotenoids in raw fruits and vegetables like β-carotene of carrot or lycopene of to-mato which were slightly absorbed (<3%) [27] .
Food fibers reduce the bioavailability of carotenoids by trapping them, or by interacting with biliary acids having as result increase in the fecal excretion of lipids and fat-soluble substances like carotenoids [28] . Therefore, the low consumption of fibers by these women could be beneficial for their pro-Vitamin A absorption. Proteins are very important in VA metabolism. Plant proteins equally contributed to enhancing the Vitamin A status of these women. In fact retinoic acid binds to albumin at the level of intestinal mucosa to be transported in the blood [29] , and VA is transported from the liver to the tissues by Retinol Binding Proteins [30] . Thus, small quantities of proteins in meals could negatively affect protein status and consequently VA absorption and transport within the body.
A total of 57.5% of the pregnant women studied were at risk for acute and severe VAD (Figure 1) . This implies the majority of these women have limited access to VA sources. This rate is higher than that reported by Razafiarisoa [31] who carried out a nutritional study on VA deficiency in mothers (15 -49 years) in Madagascar and found a prevalence rate of 29%. This difference could be due to the diet that is significantly different from one country to another, as well as to climate, soils, socio-economic conditions, nutritional behaviors and food patterns. In the Adamawa Region, consumption of liver and its products, red palm oil and carrots, which are very rich in Vitamin And pro-Vitamin A, is low, due to the fact that they do not enter in the food habits of most of the population. This, therefore, could contribute to the high risk of VAD (87.5%) among pregnant women in this region.
It is possible that the low VA and nutrient intake in this study could be related to the fact that, this study was carried out during the dry season when food crops and vegetables were scarce and expensive on the market, and as such quantities consumed in the household are reduced. Secondly, the majority of women in this study were in the first trimester of pregnancy, corresponding to a period when the amounts of cooked foods consumed may be reduced due to bouts of nausea resulting from hormonal changes in their body [32] . It is therefore necessary that this study be repeated during the rainy season when food crops and vegetables are in abundant supply and affordable, to establish seasonal variations.
Conclusion
This study reveals suboptimal dietary intake of Vitamin A, oils, proteins, fibers, sugars and energy, insufficient to cover the needs of pregnant women in Ngaoundere town. More than half of the pregnant women interviewed were exposed to acute and severe VAD and malnutrition. Thus, nutritional intervention programs should be envisaged in this area to remedy this situation as Vitamin A deficiency in the mother could lead to Vitamin A deficiency in the infant. The fact is that more than a third (41%) of the pregnant women teenagers further aggravate the problem and call for urgent solutions.
